Protein protease inhibitors such as trypsin and chymotrypsin inhibitors are widely distributed among the leguminous plant species (Weder 1985) . Soybean and its wild perennial relatives are no exception in that they have many protease inhibitors which are specific to trypsin or chymotrypsin or both Tan-Wilson et al. 1987) . In addition to their role as storage proteins and regulators of endogenous proteases, protease inhibitors have been implicated in providing a defense against pests and pathogens (Liener and Kakade 1980; Ryan 1990 ). However, from the point of view of human and other monogastric animal consumption, the protease inhibitors are considered antinutritional proteins in soybean seed (Gumbmann et al. 1986 ).
There are three classes of protease inhibitors in soybean seed: Kunitz trypsin inhibitors, Bowman-Birk inhibitors, and glycine-rich soybean trypsin inhibitors (Tan-Wilson et al. 1987) . The major form of the Kunitz trypsin inhibitor class, the Kunitz trypsin inhibitor (KTI), was found in four allelic forms-Ti", Ti", Ti c , and tiwhich can be distinguished based on their mobility in nondenaturing polyacrylamide gels. The alleles Ti", Ti b , and Ti c are inherited codominantly and ti (null) is inherited as a recessive allele (Orf and Hymowitz 1979) . Genetic inheritance studies of the other inhibitors in soybean or its wild relatives have not been found in the literature. This may have been, in part, due to the lack of identification of naturally occurring variants for these inhibitors in the soybean. Domagalski et al. (1992) screened the entire U.S. Department of Agriculture germplasm collection of soybean strains, cultivars, and genetic types and did not find any variant lacking the major BowmanBirk inhibitor (BBI'). However, the presence of a high degree of genetic variation in the protease inhibitors among the wild perennial relatives of soybean has been recorded . Several electrophoretic variants of the protease inhibitors were observed among the accessions of G. tomentella (2n = 38, 40, 78, and 80; Kollipara et al. 1993 Kollipara et al. , 1994 . Studying the inheritance of these inhibitors will help us better understand the genetics of the members of various protease inhibitor classes in soybean.
The objective of this investigation was to study the inheritance of some of the protease inhibitor variants in the seed of G. tomentella (2n = 38). The F 2 segregating progeny of a cross between two accessions of G. tomentella (2n = 38) revealed that all the three protease inhibitors studied in this investigation-Rf 0.4 (Pit), Rf 0.7 (PiZ), and BBI' (Pi3)-followed a simple Mendelian inheritance. Linkage among these three inhibitors was determined and the gene symbols were assigned.
Materials and Methods

Plant Material
Two accessions of G. tomentella (2n = 38), PI 373987 and PI 440998, collected from Queensland, Australia, were selected based on the variation in their protease inhibitor pattern (Kollipara et al. 1993) . Parental accessions were grown in pots and hybridized (reciprocal) in the greenhouse at the University of Illinois, UrbanaChampaign. The three protease inhibitor loci, Pil, Pi2, and Pi3 encoding Rf 0.4, Rf 0.7, and BBI' inhibitors, respectively, were analyzed for the presence (+) or absence (-) of either activity or protein in the seed. The homozygous condition of the alleles at all the three loci was confirmed by testing the parents. The allelic condition of these loci in PI 373987 was Pil/Pil (Rf 0.4+), pi2/pi2 (Rf 0.7-), and Pi3/Pi3 (BBI'+), and that in PI 440998 was pil/pil (Rf 0.4-), Pi2/Pi2 (Rf 0.7+), and pi3/pi3 (BBI'-). The F, seeds were grown in the following season and were allowed to selffertilize to produce F 2 seeds. Fifteen F 2 seeds from each of the reciprocal crosses were selected at random to obtain the individual F 3 progenies.
Analysis of the Protease Inhibitors
Individual whole seeds were used for extracting the protease inhibitors (Kollipara and Hymowitz 1992). Protease inhibitors in the seed extracts were resolved by 12% nondenaturing polyacrylamide gel electrophoresis (PAGE) as described by Kollipara et al. (1991) . The gels were stained for trypsin and chymotrypsin inhibitor activity based on Uriel and Berges (1968) method with some modifications . Alternatively, the fractionated proteins from the gels were transferred to a nitrocellulose membrane for immunostaining as described by Domagalski et al. (1992) . The monoclonal antibody, MAb 238, used in this study was specific to the nondenatured form of soybean BBI' and was kindly provided by Dr. D. L. Brandon (USDA-ARS, Albany, California). The specificity of the MAb 238 was previously characterized by Brandon et al. (1989) and by Kollipara et al. (1995) .
Results
The inhibitor activity analysis revealed that the Rf 0.4 protein inhibits only trypsin while the Rf 0.7 protein inhibits trypsin and chymotrypsin ( Figure 1A,B) . However, the BBI' did not show any inhibitor activity but was immunocrossreactive to MAb 238, suggesting a strong structural similarity to the soybean BBI' (figure not shown).
The trypsin inhibitor (Rf 0.4) and the trypsin and chymotrypsin inhibitor (Rf 0.7) segregated in 3:1 (presence: absence) ratios in F 2 (Table 1, Figure 1A ). The chymotrypsin inhibitor activity analysis showed that the Rf 0.7 protein was present in the parents and also in all the F 2 progeny ( Figure IB) . The MAb 238 crossreactive protein, BBI', also segregated as a single dominant gene for its presence (Table  1 ). The migration distance (Rf value) of the BBI' was observed to be the same as that of the Rf 0.7 inhibitor.
Genetic linkage analysis showed that the Pil/Pi2 and the Pil/Pi3 segregated independently. However, a linkage with the recombination frequency of 0.212 ± 0.068 was recorded between the loci Pi2 and Pi3 in repulsion phase ( Table 2) . Analysis of the individual F 3 progenies clearly identified the homozygous and heterozygous F 2 plants. Heterozygous F 2 plants segregated in 3:1 ratios for the dominant and recessive phenotypes, respectively (Table 1) .
Discussion
Biochemical and molecular analyses revealed that the KTI and BBI' class of inhibitors have at least 10 members each in soybean seed (Jofuku and Goldberg 1989; Tan-Wilson et al. 1987 ). However, genetic inheritance studies for these inhibitors have not been conducted except in the case of the major KTI. A large amount of genetic variation present among the wild perennial relatives of soybean provides us an opportunity to study the genetics of the protease inhibitors. At least five major trypsin inhibitors, two of which inhibited both trypsin and chymotrypsin, could be clearly resolved by 12% nondenaturing PAGE in G. tomentella (2n = 38) ( Figure 1A,B) . None of these inhibitors comigrated with the major inhibitors, KTI and BBI', of soybean seed. Soybean BBI' is a double-headed inhibitor, that is, it inhibits both trypsin and chymotrypsin simultaneously at different reactive sites independent of each other (Odani and Ikenaka 1973) . The Rf 0.7 appeared to be a typical member of the BBI' class since it inhibits both trypsin and chymotrypsin ( Figure 1A,B) . The p/2 allele was found to be null for only trypsin inhibitor activity but retained a weak chymotrypsin inhibitor activity ( Figure IB) . It may be due to a mutation at or near the trypsin inhibitor reactive site abolishing its trypsin inhibitor activity. Its weak chymotrypsin reactive specificity could be due to a minor structural modification resulting from either a mutation at or near the trypsin reactive site or another mutation at a different site in the molecule. The pil allele is a null for trypsin inhibitor activity, but whether or not the polypeptide is produced is not known. These inhibitors could not be visualized by nonspecific staining procedures since they are present at a very low levels in the seed.
None of the major MAb 238 crossreactive protein bands in 38-chromosome G. tomentella appeared to have comigrated with the soybean BBI'. The BBI' has the same migration distance as that of the Rf 0.7 inhibitor, but they are not the same protein since they segregated independently (Table 2) . Our previous studies indicated that MAb 238 was specific to the trypsin reactive domain of the BBI' (Kollipara et al. 1995) . The cross-reactivity of the BBI' protein to MAb 238 suggests that it has structural similarity to the soybean BBI' in the trypsin inhibitor domain.
Lack of difference in the segregation ratios between the progeny of the reciprocal crosses indicated that all the three genes (Pil, Pi2, and PiJ) were nuclear encoded. Our preliminary studies of several other inhibitors in the diploid (2n = 40) G. tomentella also indicated that each of the protease inhibitor bands inherited as single gene encoded proteins. A systematic study of these inhibitors will help improve our understanding of various protease inhibitor gene families in soybean and its wild perennial relatives.
